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I ; INTRODUCTION 
In i960 and 1961, the German chemists Kurt I s s l e l b 
and Glinter Thomas published i n Chemische Berlchte a 
report of the preparation of phosphorus containing 
compounds of the general structure 
R 
^ P ( C H ^ ) ^ C O O H 
Among these compounds were members of the carboxyalkyl-
P,P-diphenylphosphines ( 1 ) . ' 
Their synthesis consisted of these steps: 
1. Potassium di phenyl phos phi ne^ ('C5H5 )2PK, was formed by 
ref l u x i n g diphenylphosphinousbromidej (C6H5)2P^ with 
an excess of potassium metal i n tetrahydrofuran. 
This reaction, as well as those carried out i n the 
following two steps, were performed under nitrogen. 
The product was isola t e d , and dissolved i n 1,4-dlox-
ane. . ; • • 
2. The solution of potassium diphenylphosphine was 
added to a dloxane solution of the appropriate halo-
genated ester. Addition was made slowly with cool-
ing. The corresponding carbethoxy-P,P-diphenylphos-
1 
phlne was isolated by d i s t i l l a t i o n techniques. 
3 . A stoichiometric amount of metallic sodium was d i s -
solved i n 9 5 ^ ethanol. Upon addition of t h i s solut-
ion to the product of step 2 , the sodium s a l t of the 
compound desired was obtained. 
4. The sodium s a l t was isolated by f i l t r a t i o n and d i s -
solved i n water. Upon a c i d i f i c a t i o n , the carboxy-
alkyl-P,P-dlphenylphosphine precipitated. P u r i f i -
cation was accomplished by acid/base r e c r y s t a l l i z -
atlon. 
The following compounds with these melting points were 
prepared ( 1 ) . 
I n a more recent reference ( 2 ) , I s s l e i b and cowork-
ers reported a different method of preparation of t h i s 
type of compound. Compounds of structure 
COMPOUND MELTING POINT (deg. C) 
(C6H5)2PCH2COOH 
(C6H5)2P(CH2)2C00H 
(C5H5)2P(CH2)3C00H 
1 2 0 - 1 
1 2 7 - 8 
9 7 - 8 
where R i s -CH2- , -CHCH3 , 
P-R-COOH — CHC2H3 , —0(0113)2 
H 
were prepared by coupling a metallic phosphine s a l t 
with a halogenated acid i n a l i q u i d ammonia solvent 
system. 
A stoichiometric excess of sodium was dissolved i n 
l i q u i d ammonia. The sodium s a l t of phosphine was form-
ed by the addition of phosphine to the system. Addition 
of the sodium s a l t of the appropriate halogenated acid 
yielded sodium carboxyalkylphosphine. The reaction was 
s t i r r e d for one hour, then the ammonia was removed by 
d i s t i l l a t i o n . The residue was dissolved i n 250ml, ether, 
f i l t e r e d , and dried with sodium s u l f a t e . The product 
received upon evaporation was hydrolyzed to the desired 
acid. 
Other aspects of sim i l a r phosphine reactions i n l i q u i d 
ammonia may be seen i n ( 3 ) . 
Some of the compounds prepared by the method involv-
ing the use of l i q u i d ammonia were those i n which -R 
was a secondary carbon r a d i c a l . 
I t was the purpose of t h i s research to prepare the 
members of the homologous series of carboxyalkyl-P,P-
diphenylphosphines1 
•P-R-COOH 
Where R i s -CH2-, -(CHg)"! 
; -(CHg)^, -CH(CH3)CH; 
-{GH3)2C- • 
to determine t h e i r a c i d i t y c h a r a c t e r i s t i c s as a func-
tion of structure, and to characterize t h e i r a b i l i t y to 
function as chelating agents. 
From the outset, i t was f e l t that the f i r s t method 
described (Method A ) , with certain modifications noted 
i n the procedural section of t h i s paper, would accomp-
l i s h these goals. The synthesis u t i l i z i n g l i q u i d ammonia 
(Method f3) was employed only when i t was found that 
Method A gave unsatisfactory r e s u l t s for the synthesis 
of the longest straight chain and branched chain acids. 
Preparation of the branched chain homologs of the 
carboxyalkyl-P,P-diphenylphosphines has not been report-
ed i n the l i t e r a t u r e . 
I I . EXPERIMENTAL ASPECTS 
The following i s a compilation of the reagents and 
'nstruraentation used i n the research. A description, 
source, and infrared spectrum ( i f applicable) accompany 
the l i s t . 
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REAGENT SOURCE SPECTRUM # 
trlphervylphosphlne Eastman Organic Chemicals R-1 
ethyl 4-bromobut,yrate K&K Laboratories Inc, 1 R-2 
ethyl 2-'bromoiBobutyrate Aldrich Chemical Co.,Inc, R-3 
6rC(c«3\COOC_i,H5 
Eastman Organic Chemicals R-4 
Aldrich Chemical Co.,Inc. R-5 
Aldrich Chemical Co., Inc. R-6 
Aldrich Chemical Co., Inc. R-7 
Fisher Chemical, p u r i f i e d R-8 
Eastman Organic Chemicals R-9 
nitrogen - prepurified, water pumped 
sodium hydroxide 
hydrochloric acid 
calcium chloride 
metallic sodium Fisher Chemical 
190 & 200 proof ethanol 
dry ice 
acetone 
ethyl 3-bromopropionate 
ohlorodlphenylphosphlne 
(QLjhPCi 
ethyl 2-bromopropionate 
ethyl 4-chlorobut.yrate 
p-dioxane 
ethylchloroacetate 
Ci CH,COOC-,Vh 
INSTRUMENTATION 
Thomas-Hoover melting point apparatus 
Plsher-Johns melting point apparatus 
Perkin-Elmer Infracord 
Beckman IR - 8 ^ 
Beckman Zeromatic I I pH Meter 
I I I . PROCEDURE 
Modifications made i n Method A,as set forth i n the 
Introduction section of t h i s paper,are as follows: 
1. Sodium, rather than potassium^was used i n the form-
ation of the metal diphenylphosphine s a l t . 
2. p-dioxane, rather than tetrahydrofuran^was used as 
the solvent for the reaction. 
3. Sodium diphenylphosphine and the carbethoxy-P,P-
dlphenylphosphine were not Isolated as intermediate 
products. 
These modifications were made because previous work, 
(5) and (6) indicated that a more accessible tech-
nique was e f f e c t i v e . 
The solvent was p u r i f i e d by r e f l u x i n g with sodium 
for several days, d i s t i l l i n g , and again refl u x i n g with 
sodium under a dried nitrogen atmosphere. As water i s 
deleterious to the reactions involved, precautions 
such as these were taken to preclude water from entering 
the system up to the formation of the sodium s a l t of 
the compound desired. 
To 150 ml, of freshly d i s t i l l e d dioxane, f i v e grams 
of trimmed sodium were added. Reflux with s t i r r i n g was 
continued u n t i l the sodium was shiny and f i n e l y divided. 
The solution was cooled (while keeping the sodium d i s -
persed) and 14 g. of diphenylphospnlnouscnlorlde were 
added dropwise with s t i r r i n g , Refluxing was continued 
for one hour a f t e r the observed color change from clear 
t© red-orange. The excess sodium present was coagulated 
by cooling and s t i r r i n g . 
The sodium diphenylphosphine obtained was added to 
150 ml, of a p-dioxane solution of the appropriate 
halogenated ester. The addition was accomplished slowly, 
with minimal transfer of excess sodium hj the use of 
the transfer apparatus 1&2 seen i n the following i l l u s -
t r a t i o n . 
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Usually a dramatic color change, red-orange to l i g h t 
tan^accompanied the addition, Tne reaction mixture was 
s t i r r e d for several houx-s. 
Sodium ethylate CgH^ ONa, (prepared by dissolving 2 , 3 g . 
of sodium i n 50 ml, absolute ethanol) was added with 
s t i r r i n g to the reaction mixture, thereby precipitating 
the sodium s a l t of the desired acid. 
The sodium s a l t was isolated by suction f i l t r a t i o n , -
dissolved i n water, and precipitated by careful acid-
i f i c a t i o n . 
The acid was pu r i f i e d by acid/base treatment and 
ethanol/water r e c r y s t a l l i z a t i o n . The mother liquor was 
saved for further product i s o l a t i o n , 
{C^H^)22X H- 2Na > (C5H5)2PNa-2dioxane+NaX R.XN-1 
(C5H5)2PNa-2dioxane + XRCOOG2H5 ^ (G5Hc^)2H?C00C2H5 RXN-2 
• • 1 . 3 -I- NaX 
8 
-> CgHr-ONa Hgt 
(GgH^)2PRC00C2H5 + GgH^ ONa > (G5H5)2pRGOONa 
+ G2H5OG2H5 
RXN-3 
(GgH3)2PRG00Na+ HGl ^ (G5H5)2PRC00H + NaGl RXN-4 
Method B , which involves a l i q u i d ammonia solvent 
syBtem,was used with the following modifications: 
1» Use of the halogenated ester rather than the sodium 
s a l t of the halogenated acid i n the coupling reaction-
.  This change was made because of the i n a v a i l a b i l i t y 
of the halogenated acids, 
2, The desired acid was not extracted with ether before 
hydrolysis. I t was not f e l t that the extraction pro-
cedure was necessary for i s o l a t i o n . I n addition, the 
use of ether was avoided, because accompanying perox-
ides may decompose the product. 
To 200 ml, of l i q u i d ammonia, 4,6 g, of metallic 
sodium was added. Triphenylphosphine was added as a s o l i d 
to the s t i r r i n g sodium solution, thereby forming sodium 
diphenylphosphine, A color change from dark blue to red-
orange was observed. The halogen substituted ester was 
next added dropwise with s t i r r i n g to the reaction 
solution. Near the end of the addition, a color change 
from red-orange to clear was observed. S t i r r i n g was 
continued for four hours. Preparation of sodium ethylate, 
and i t s addition to the reaction solution were accomp-
lished as mentioned previously i n Method A, The l i q u i d 
ammonia was allowed to evaporate, and the sodium s a l t 
obtained was dealt with i n a method completely analagous 
to that employed i n Method A, 
(C^H5)3P 4 2Na ^{C^E^)^Fm + {C^E^)m RXN-5 
(C5H5)2PNa + XRCOOCgH^ > (C5H5 )2PRC00C2H5d'NaX RXN-6 
2(G6H5)Na+ 2Gr > G6H5-G6H5 + 2NaGl 
(G5H5)2PRGOOG2H5 + G2H50Na > ( G 5 H 5 ) 2 P R G 0 0 N a RXN-7 
4 C2H3OG2H 
GgH^ OH •+- 2Na ^G2H50Na + H2r 
(GgH5)2PRG00Na HGl ^ (C6H5)2PRC00H + NaGl RXN-8 
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IV. INDIVIDUAL SYNTHETIC PROCEDURES 
To prepare; carboxymethyl-F,P-dlphenYlphosphlne 
The work proceeded according to the modified Method A 
described i n the previous section of t h i s paper. The 
red-orange sodium diphenylphosphine formed i n RXN-1. 
The ester used i n the coupling reaction, RXN-2, was 
eth,ylchloroacetate. The precipitate observed i n RXN-3 
was a muddy colored one. A d u l l white p r e c i p i t a t e , ^  , 
was isolated as the product of RXN-4. 
Upon p u r i f i c a t i o n , ^ was found to have these propertie 
melting point - 1 2 0 - 1 deg, C 
spectrum # P-2 
The melting point ( l ) and infrared spectrum ident-
i f y the compound as the desired carboxymethyl-P,P-
diphenylphosphine. 
To prepare: 2-carboxyethyl-P,P-diphenylpho8phine 
In t h i s f i r s t e f f o r t the modified Method A was em-
ployed. Upon successful completion of RXN-1, ethyl 3 -
bromopropionate was added i n RXN-2, The product of 
RXN-4 was hydrolyzed, and a c i d i f i e d to y i e l d 4 , 
melting point - 1 2 6 - 8 deg, C 
spectrum # P-3 
11 
These properties characterize the compound as 2 carboxy-
ethyl-P»P,-diphenylphosphine ( 6 ) , 
As i t was not expedient at the time, large amounts 
of 4 were not iso l a t e d . Later attempts to i s o l a t e 4 
from the mother liquor were unsuccessful. Rather, 4a 
was isol a t e d , 
melting point - 67-8 deg, C : 
spectrum # P-4 
Analysis # J - 2 6 8 5 
The product 4a was further p u r i f i e d , and again sent 
out for analysis with these r e s u l t s : 
melting point - 66-7 deg. G 
spectrum # P-5 
Analysis # J - 5 3 7 0 
Potentiometrlc t i t r a t i o n s of 4a were performed i n 
order to v e r i f y these analyses. Data obtained from these 
e f f o r t s appears i n the Appendix of t h i s paper. 
Further work i n preparation of t h i s compound involved 
use of the modified Method B. Addition of the ester to 
the sodium diphenylphosphine resulted i n a dramatic 
color change from red-orange to clear. Upon evaporation 
of the ammonia, and hydrolysis of the product of RXN-7, 
two products/were ob'tained, ^ ^ i 9b , 
Product 9a was a du l l white precipitate with these 
12 
c h a r a c t e r i s t i c s : 
melting point- 72-6 deg. C 1 base i n s o l u b i l i t y 
spectrum # P-11 
The compound was i d e n t i f i e d as biphenyl. 
Compound 9b appeared much l i k e ^ , but had these 
d i f f e r i n g properties: 
melting point- 123-6 deg. C base s o l u b i l i t y 
The compound was i d e n t i f i e d as the compound desired. . 
To prepare: 3-carboxypropyl-P,P-diphenylphosphine 
The work followed the modified Method A, The addition 
of the sodium diphenylphosphine to the dioxane solution 
of ethyl-4-chlorobutyrate yielded a v i o l e t colored pre-
c i p i t a t e . Upon hydrolysis, acid precipitation and re -
c r y s t a l l i z a t i o n of the product of RXN-4, product 1 
was obtainedi 
melting point- 190-2 deg, C . 
spectrum # P-1 
The product compares well with a compound previously 
prepared by t h i s investigator (7)^ which upon analysis 
was found to be dlphenylphosphinic acid, (CgH^)2P00Ho 
A second attempt to prepare t h i s compound resulted 
i n that the ma^jor observations made i n the above 
synthesis were the same as the ones made here. The 
product 2 was Isolated from RXN-4, 
melting point - 190-2 deg, C acid insoluble 
I t was concluded that 2 was dlphenylphosphinic acid. 
13 
Two more attempts were made to prepare t h i s compound. 
The observations made i n both cases were very s i m i l a r 
to those made i n the two above syntheses. The ester used 
i n RXN-2 was ethyl^4-oromobutyrate. 
I n both cases, d u l l white, powdery, acid Insoluble 
products b and 2»wlbh melting points 189-91 and 188-92 
deg, C respectively,were Isolated from RXN-4, Again, on 
the basis of these c h a r a c t e r i s t i c s , both 6 and 2 were 
concluded to be dlphenylphosphinic acid. 
I n the f i r s t of these syntheses,an o i l was observed 
on the surface of RXN-4 a f t e r a c i d i f i c a t i o n had taken 
place. The o i l proved to be r e c a l c i t r a n t to i s o l a t i o n , 
but upon extraction of the solution with benzene, a 
waxy substance 6a was iso l a t e d , 
spectrum # P-8 • '• : ./'• 
To prepare: carboxylscpropyl-P,P-diphenylphosphine 
The modified Method A procedure was used i n t h i s 
e f f o r t . The coupling product of RXN-2 was green-yellow 
i n color. Two products, ^ and ^  with these c h a r a c t e r i s t i c s 
were isolated from RXN-4, 
5a melting point- 189-92 base insoluble. 
5a was concluded to be dlphenylphosphinic acid. 
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5b melting point- 129-32 base Insoluble 
spectrum # P-13 benzene, CCl^ soluble 
The compound was suspected to be tetraphenylphosphine, 
(CgHt^)2P-P(CgH|^)2 , and steps were taken to identify 
i t . 
I n an attempt to prepare the tetraphenyl analog of 
compounds prepared by the authors of ( 8 ) , 5b was re-
fluxed with n i c k e l bromide trihydrate ( NiBrg. 3HgO ) i n 
benzene for one hour. The product isol a t e d , ^^^had these 
c h a r a c t e r i s t i c s : 
melting point- 180-5 deg. C • 
spectrum # P-14 
Analysis // J-2683 
To prepare: 1- carboxyethyl-P,P-dlphenylphosphine 
The procedure u t i l i z e d here was the modified Method B. 
The ester used was ethyl-"2-bromopropionate. Upon evap-
oration of the ammonia, two products, 8a and 8b,were 
isolated from RXN-8. 
8a melting point- 72-5 deg, C base insoluble 
spectrum // P - l i 
The compound was concluded to be biphenyl, 
8b melting point- 189-91 base soluble 
The compound was concluded to be dlphenylphosphinic acidjjy). 
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V, RESULTS 
The following analyses for compounds 4a and ^ were 
performed by Galbraith Laboratories,Inc,, Knoxville, 
Tennessee, 
Compd, M ^ ^ l E 12 Formula 
4a J-2685 63.46 5.62 10.38 20,54 C-^^ 17^7^^^ 
4a J-5370 61,89 5.68 9.82 22.61 G-Lg^iyH-LyO^P 
5c J-2683 69.27 5.22 14.38 12,13 ^12^1^2^ 
The following i s a table of the r e s u l t s obtained i n 
the individual syntheses. 
TABLE I , • / 
Preparation Compound 
Attemppeg Prepared M.P.t Spectrum Analyst 
R i s -CH2- R i s -CHj-l ; 120-1 P-2 • 
-(CHgjg- - ( ^ ^ 2 ^ ^ ^^^"^ ^"^ 
4a 67-8 P-4 J-2685 
66-7 P-5 J-5370 
P-12 
-(CHg)^ (CgH^J^cM 2 6 2 188-91 P-1 
-(CHp)p 123-6 
(caPhi. 9ftr "^ -^^  
Za, — P-8 
"".^^ (G.H^)o 8a 72-6 P-11 -e- 6 5 2 
(CgH^)2P00H 8b 189-91 
16 
TABLE I cont. 
Preparation Compound 
Attempted Prepared M.P Spectrum Analysis 
-h^ (C^He)^POOH ^ 189-91 P-11 
itt^ ° ^ ^ ^ 129-32 P-13 
VI . DISCUSSION 
From the procedure section of t h i s paper, i t i s 
evident that both Method A and Method B involve 
e s s e n t i a l l y the same types of reactionsT 
1. Formation of sodium diphenylphosphine, 
2» Coupling of the halogen substituted ester with the 
sodium diphenylphosphine. 
3. Formation of the sodium s a l t , and the hydrolysis of 
t h i s s a l t to form the product, 
A c r u c i a l point i n both methods i s the exclusion of 
both water and oxygen from the system. I f either water 
or oxygen are present, these i n t e r f e r i n g reactions w i l l 
occur. 
(CgH^)gPCl + 2H2O > (CgH^)2P00H + HCl 
(C6H5)2PNa + HgO >(CgH^)2P00H 
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This Interference i s the reason for the elaborate 
dioxane p u r i f i c a t i o n procedures described. 
In addition to the p o s s i b i l i t y of water or oxygen 
entering the system, another cause for the formation 
of dlphenylphosphinic acid i s the f a i l u r e of coupling 
to occur i n RXN's 2&6, I f no coupling occurs, then both 
of the above reactions should readily take place i n 
RXN's 4(5:8, Indeed, i f the reagents are pure, and the 
system i s kept under dried nitrogen as described, then 
the f a i l u r e of the compounds to couple w i l l be the 
prime cause for the formation of dlphenylphosphinic acid. 
In l i n e with t h i s l a s t statement, a consideration to 
be made was the coupling times involved for the various 
acids. This was not deemed a c r u c i a l point, however, 
because the times employed were comparable to those 
used by previous successful authors ( l ) , ( 5 ) , ( 6 ) . 
A plausible r a t i o n a l i z a t i o n for the f a i l u r e of the 
formation of the carboxy2isopropyl-P,P-diphenylphosphine 
and the 1-carboxyeth,yl-P,P-dlphenylphosphlne i s the 
s t e r i c hindrance whicb the methyl groups offer i n both 
structures. I f the reaction i s viewed as a nucleophilic 
attack of the sodium diphenylphosphine upon the halogen 
bonded carbon atom as: 
18 
r- « O . 
< ^ ^ 
then I t 1b seen that the bulky methyl group f a i r l y well 
hinders the nucleophilic attack. 
However, i t must also be recognized that a structure 
such as ethyl-'2-bromolsobutyrate has an increased bromine 
l a b i l i t y over the eth,yl-4-bromobutyrate due to the 
electron donating ef f e c t s of the methyl groups. Of course, 
an Increase i n the halogen l a b i l i t y should favor coupling. 
The above argument cannot be used to reconcile the 
f a i l u r e to prepare the 3—carboxypropyl-P,P-diphenyl-
phosphine. However, one explanation could be the follow-
ing; ... , ^ . . 
The series of spectra, R-1 through R-10, with the 
exception of R-2, indicate s t a r t i n g materials which 
( using q u a l i t a t i v e matching with reference spectra (4) ) 
are of reasonable purity. That i s , no extraneous peaks 
appear, and those which are present have r e l a t i v e l y the 
same position and intensity of those which appear i n 
the reference spectra. The exception, ethyl-4-bromobutyr-
ate shows a lack of resolution i n the region 7-15X( . 
1 
19 
This i s a f a i r l y good q u a l i t a t i v e indication of 
purity, and could well be a reason for the f a i l u r e to 
prepare the 3-carboxypropyl-P,P-diphenylphosphine i n 
those syntheses Involving the use of t h i s ester. I t must 
be pointed out*, however, that the other ester used, 
ethyl-4—chlorobutyrate, of indicated purity, R - 2 , 
was used with unsuccessful r e s u l t s . 
Both of the methods used have t h e i r advantages and 
disadvantages for the formation and i s o l a t i o n of the 
products desired. Method B involves the problems of 
evaporating the ammonia, separating the by&product b i -
phepyl, the inconvenience of working at dry ice temp-
eratures, plus the p o s s i b i l i t y of competing reactions 
such as 
NH^ -I- ClRGOOCgH^ > NH^Cl + HgNRCOOCgH^  
In addition, the solvent requires elaborate procedures 
( even as does dloxane ) i n order to keep i t dry. I n 
th i s aspect, however, l i q u i d ammonia i s better than 
dioxane because of i t s higher vapor pressure under the 
conditions employed. Method A involves a problem which 
J3 does not, namely the disposal of sodium I n 100^ excess. 
Compound ^  was thought to be tetraphenylphosphine, 
as t h i s compound was isolated I s s l e i b and Thomas ( l ) 
i n an unsuccessful attempt to prepare the 2-carboxy-
20 
butyl-P,P-d.l phenyl phosphine, Tetraphenylphosphine was 
reported to have a melting point of 122-3 deg. C. 
3b was found to have a melting point of 129-32 deg, C, 
with s i m i l a r s o l u b i l i t y c h a r a c t e r i s t i c s to tetraphenyl-
phosphine, and the absence of a carboryl function as 
seen i n spectrum P-13. I n another reference, I s s l e i b and 
Hoffmann (8) i d e n t i f i e d the corresponding t e t r a b u t y l -
phosphine by reacting i t with nic k e l bromide i n toluene, 
to form a derivative. 
As mentioned previously, a s i m i l a r procedure was em-
ployed i n order to form a derivative of The product 
is o l a t e d , 3 c , had c h a r a c t e r i s t i c s spectrum P-l4 and 
formula analysis G^ 2RiiG2P'» compatible with dlphenyl-
phosphinic acid. As the r e f l u x was not conducted i n a 
nitrogen atmosphere, the or i g i n a l compound 5 b , i f indeed 
i t was tetraphenylphosphine, would be expected to form 
the dlphenylphosphinic acid. This, however, does not 
preclude the p o s s i b i l i t y that ^b was not tetraphenyl-
phosphine. 
In one of the attempts to prepare the 3-carboxypropyl-
P,P-diphenylphosphine, a waxy substance, 6a , was obtained, 
A spectrum, P-8 , was taken of the compound a f t e r i t 
had been extracted with benzene. The spectrum shows that 
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benzene I s s t i l l present. An intense benzene absorp-
tion at 5,7/^ would successfully obscure a C«0 st r e t c h , 
i f one were present. For t h i s reason, some of the wet 
o i l was skimmed off the top of the solution, and i t s 
spectrum taken, P-10, No carboxyl function i s indicated 
to be present. E f f o r t s to separate the o i l as an entity 
separate from the dlphenylphosphinic acid f a i l e d , 
A considerable amount of time was spent i n the ident-
i f i c a t i o n of 4a , P-4,5,6 and analysis ^ l l ^ i j ^ h ^ ' 
with a corresponding molecular weight ( based on Phos-
phorus ) of 304 or 316. A8 further p u r i f i c a t i o n f a i l e d 
to substantially change either the melting point or the 
analysis obtained, the substance was Judged to be a unit 
rather than a mixture of compounds, 
A l i t e r a t u r e search conducted for compounds of the 
above formula yielded no pertinent Information, The search 
was conducted under the assumption that the diphenyl-
phosphinous portion of 4 remained intact i n the new 
compound 4a, Since the conditions which 4 had undergone 
were by no means extreme, t h i s was f e l t to be a v a l i d 
assumption. 
As a second check on the formula of the compound, 
its.^was determined by potentiometrlc t i t r a t i o n s as 
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menmloned i n -ohe Individual Experimental Procedures 
section of t h i s paper. The molecular weights calculated 
from these data were 323 and 325 g./mole. These are i n 
good agreement with the a n a l y t i c a l data received. 
Because of the observed I,R. peak at 2,9tX.ln P-15, 
i t was f e l t that perhaps 4 had taken up waters of 
hydration, 4 a was put under a p a r t i a l vacuum (30psi) 
and heated s l i g h t l y to 30 deg. C. There was no r e s u l t -
ing change i n the melting point or spectrum (P-6), 
therefore- t h i s theory was rejected. 
Phosphorus containing acids are known (9) to a i r -
oxidize to give the corresponding acid with the phos-
phorus double bonded to an oxygen. I f t h i s had happened, 
there should appear i n the spectra of the compound a 
strong absorption hear the region of 8 x ( ( P*0 stretch ) , 
There is,however, no appearance of t h i s peak. What i s 
a dramatic change i n the spectrum of 4 , P-3 to 4 a , P-6, 
i s the appearance of a peak at 12.5x(» Because of the 
positioning of the peak, r i n g substitution was con-
sidered, but again rejected because of the mild con-
ditions under which 4 had existedo b , 
I t was f e l t that i f these acids are capable of under-
going a change i n structure, that an acid previously 
prepared may have undergone a l t e r a t i o n upon exposure 
to a i r . The melting point had changed from 127-128 deg.C 
i n 1967 to 126.5-128 i n 1972. What i s s i g n i f i c a n t i s 
the lessening i n i n t e n s i t y , and broadening of the )G = 0 
stretch i n the spectrum of the acid taken t h i s year^ P-7, 
over that taken i n 1967 ( 6 ) , This indicates that a change 
i n the structure has occurred, but y i e l d s no clues as to 
the nature of t h i s change, 
A plausible resolution to the problem i s that while 
the sodium s a l t of 4 sat i n the dioxane mother liquor, 
that i t included dioxane into i t s structure, a s i 
P-0-CH;/: U2.0-CW^CIA^CC»H 
However, no l i t e r a t u r e information on dioxane adduct 
formation yielded pertinent information. I n addition, 
the spectrum of 4a cannot y i e l d any confirmatory inform-
ation for t h i s structure, as there i s considerable com-
t 
plexity i n the region of the-C«0 stretch which should 
appear i f indeed t h i s i s the structure present. 
Other methods, such as NMR spectroscopy may be 
necessary for further characterization of t h i s compound. 
c 
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Although the objectives of t h i s research have only 
p a r t i a l l y been f u l f i l l e d , I feel that much about the 
chemistry of these compounds has been learned, and 
that t h i s work should greatly f a c i l i t a t e future e f f o r t s 
i n t h i s synthetic area. 
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V I I . RITURE WORK 
I f e e l that any future work done I n t h i s synthetic 
area should involve a thorough investigation into newer 
synthetic methods oT organophosphorous compounds, 
I do not f e e l that the work which I have done with 
the l i q u i d ammonia synthesis (Method B) i s s u f f i c i e n t 
to exclude i t as a method of preparation of the branched 
chain carboxvalkvl-P,P-diphenylphosphines. I regard t h i s 
method as the one of choice over Method A for two basic 
reasons: 
1 . The system i s easier to keep a i r and water t i g h t , 
2 , There i s no disposal problem of the excess sodium. 
Another synthetic route which might be considered 
i s a modified Ivanov type reaction ( 9 ) . This method, 
however, would require s i m i l a r stringent drying 
procedures as well as preparation of a suitable Grig-
nard reagent. 
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IX APPENDIX 
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The following i s an index to the infrared spectra which 
appear in t h i s appendix. 
COMPOUIT) SPECTRUM # PAGE # 
triphenylphosphlne " R-.1 29 
ethy1-gamma-breraobutyrate R-•2 30 ethyl-2-bromolsobutyrate R-•3 31 ethyl-3-bromopropionate R-•4 32 chlorodiphenylphosphine R-•5 33 ethyl-2-broniopropionate R-•6 3^ ethyl-garnma-chlorobutyrate : ' R-•7 3 | p-dioxane R. -8 36 ethyl chloroacetate R-•9 37 n i c k e l bromide trlhydrate B--10 38 
diphenylphosphlnlo acid P--1 39 
carboxymethyl-P,P-diphenyl- P-•2 40 phosphlne 
41 2-carboxyethyl-P,P-diphenyl- P. -3 phosphine 
acid 4a 
acid 5 a » r e c r y s t a l l i z e d 
p. -4 42 P--5 43 acid 4a > vacuum dried 
2-carboxyethyl-P,P"diphenyl-
P. •6 44 P-•7 ^5 
phosphlne, old 
o i l 6a P. •8 46 
o i l 2 P--10 47 biphenyl P--11 48 
2- carb oxy e t hyl - P, P- d i pheny 1- P. -12 49 
phosphlne 
p. -13 50 
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Potentiometric T i t r a t i o n s 
O0OI63 g. of 4 a was t i t r a t e d with O.OI56 N NaOH 
i n a 30% v/v ethanol/water solvent. 
ml.NaOH £H 
0.00 3 . 5 5 
0.20 3.65 
0.40 3.77 
0 , 6 0 3.88 
0.80 3.99 
1.00 4 . 1 0 
1.20 4.20 
1.40 4 . 3 0 
1 . 6 0 4.40 
1.80 4 . 5 0 
2 . 0 3 4.62 
2 . 2 0 4o77 
2.40 4 . 9 0 
2.62 5 . 1 3 
2.80 5 . 3 9 
3.02 5 . 9 0 
3 . 1 0 6.20 
3 . 2 0 6.60 
3 . 3 0 7 . 10 
3.40 7.88 
3.55 9.00 
3 . 6 5 9.33 
3.77 9 . 6 2 
3 . 9 0 9 . 8 0 
4.00 9 . 9 2 
4 . 1 0 10 . 0 2 
4 . 2 5 10 . 1 6 
4 . 5 0 1 0 . 3 0 
4.75 10 . 4 3 
5.00 1 0 . 5 2 
5 . 2 5 10.59 
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2 . 0.0114 g. of 4 a was t i t r a t e d with O .OI56 N NaGH 
i n a 30% v/v ethanol/Vater s o l v e n t . 
ml.NaOH EH ml.NaOH m 
0 . 0 0 4755 2 . 7 5 9 . 6 6 
0 . 1 0 4.60 2 . 8 0 9 . 7 2 
0.20 4.67 2 . 9 0 9 . 8 0 
0.30 4 . 7 2 3 . 0 0 9 . 9 0 
0.40 4 . 7 8 3 . 1 0 9.98 
0 . 5 0 4.84 : 3 . 2 0 1 0 . 0 5 
0.60 4 . 8 9 3 . 3 0 1 0 . 1 0 
0 . 7 0 4.95 . .. 3.40 1 0 . 1 6 
0 . 8 0 5 . 0 1 3 . 5 0 1 0 . 2 2 
0 . 9 0 5 .06 ' 3 . 7 0 1 0 . 3 0 
1.00 5 . 13 3 . 9 0 1 0 . 3 9 
1.10 5 . 1 9 4 . 0 0 10.40 
1 . 2 0 5 .26 
1 . 3 0 5 . 3 4 
1.40 5.41 
1 . 5 0 5 . 52 
1.60 5 . 6 8 
1 . 7 0 5.84 
1 . 8 0 6 . 0 8 
1 . 8 5 6 . 2 2 
1 . 9 0 6.42 
1 . 9 5 6.63 
2.00 6 . 7 9 
2 . 0 5 7 . 0 3 
2 . 1 0 7 . 2 5 
2.15 7 . 4 9 
2.20 7 . 7 4 
2 . 2 5 7 . 9 7 
2 . 3 0 8 , 18 
2.35 8 . 5 0 
2.40 8 . 8 5 
2 . 4 5 9 . 0 6 
2 . 5 0 9 . 1 8 
2.55 9 . 3 2 
2.60 9 . 4 3 
2.65 9 . 5 1 
2 . 7 0 9 . 5 9 

